Introduction
In the last two decades, the youth justice system in England and Wales has undergone a range of different policy changes designed to reflect the neo-liberal approach to juvenile justice [1]. Dunkel [2] defines this shift as a move away from the B4 Ds^of diversion, decriminalisation, deinstitutionalisation and due process, to the B4 Ds^of responsibility, restitution/reparation, restorative [justice] and retribution. Different and often competing models, loosely defined by the opposing models of 'justice' and 'welfare' [3] , policies, which Case and Haines [4] define in more detail as 'dystopian' (emphasising control and responsibility) or 'utopian' (recognising the rights of children). Whilst these positivistic and classicist models of youth justice are theoretically opposing, a 'continua' [4] or 'hybrid' range of responses exist in order to address youth offending behaviour, for example, restorative justice and minimum intervention/diversion. Current 'neo-correctionalist' models that characterise the dominant approach advocated in England and Wales, are examples of the hybridisation of youth justice policies with an emphasis upon the responsibility of the offender on the one hand and the prevention of further offending on the other [5] . Strategies such as 'early intervention' and addressing 'pre-delinquent' behaviours have been criticised on the grounds that they punitively address minor negative behaviour at the expense of actual positive ones [4] . However, as Goldson and Muncie note in relation to the continuing shifts in youth justice policy and aims: B[ … ] youth justice policy discourses and the systems that emanate from them, comprise fluid sites of contestation and uneasy settlements of competing and/or intersecting thematics including: welfare; justice; informalism; rights; responsibilities; restoration; prevention; remoralization and retribution/punishment^( [6] ; p.91) Hence, these continually shifting aims, policies and practices implemented to address youth crime are essential to be understood in terms of how they contribute to the overall crime rates.
The volume of crime in England and Wales has continued to decline since 1995 and a significant part of the explanation is due to the reduction in the overall proportion of the youth population that are involved in criminal activity [7] . This trend, however, is not seemingly linked to changes in the probability of crimes being proven or the actual offending rate of young people specifically [8] [9] [10] . There are a number of possible reasons that may account for these trends in the data [11] . Firstly, the reduction in the proportion of young people who are offenders implies that fewer young people are acquiring/developing criminal and anti-social behaviour patterns [12] . This trend has been linked to the creation of specialist statutory multi-agency services (Youth Offending Teams or YOTs; see [13] ), established in 1998 with a specific remit to 'reduce offending by young people' [14] . Increasingly, these teams have worked at both strategic and operational levels to target young people who are at risk of offending (but who may have not yet have crimes proven against them; see [15] ). Subsequently, this has resulted in the instillation of targeted preventative work involving the coordinated activity of police, schools, local education authorities, health services, probation services, and voluntary sector organisations, aimed at tackling some of the root causes of offending by young people, such as a lack of parental supervision and/or substance misuse [16, 17] .
Secondly, significant reductions in crime levels in England and Walespredominantly seen since 1995will undoubtedly have resulted in a reduction in the exposure of young people to instances of offending behaviour and, more importantly, the thoughts and attitudes that support criminal conduct [18] . This hypothesis takes the view that offending is a learnt behaviour [19] ; if this theory is valid, we would then expect reduced exposure to criminal behaviour to result in less young people acquiring these pro-criminal attitudes and behaviours from peers and adults [20] . There is significant evidence from longitudinal research that has established that these factors (amongst others) are implicated in the observed reduction in the numbers of young people who commit crimes [21, 22] . Hence, the [lack of] learning 'opportunity' has been reduced exponentially as less young people become adult offenders, further reducing the chain of learnt anti-social and/or criminal behaviour and attitudes [23] . Related theories, for example, labelling (e.g. [24] [25] [26] ), and practices such as diversion from custody (see [27, 28] ) all implicate criminal behaviour as a learnt process that requires development and reinforcement (positive and negative) to become ingrained and problematic [29] . Recently implemented policies, such as Children First, Offenders Second (CFOS; see [30] ; [31] ) have seen these 'child-friendly' approaches to youth justice emphasise diversion and principles of minimum intervention. The criminal justice system in England and Wales is currently subject to a number of significant and potentially far-reaching changes [32, 33] . The Legal Aid, Sentencing and Punishment of Offenders Act (LASPO) 2012 introduced a new system of cautioning for 'proven' crimes; under LASPO, elected Police and Crime Commissioners have assumed the role of Police Authorities and are now responsible for crime prevention funding, alongside private and voluntary sector organisations undertaking roles previously assigned to Probation trusts [34] . Austerity policies also have a major impact on funding of all criminal justice agencies [35] and subsequently these changes have the potential to trigger increasing crime levels, particularly amongst the youth population [36, 37] . Deterioration in the quality of offender supervision, moves away from 'effective practice' principles, reductions in police numbers, inappropriate repeat cautioning, withdrawal of funding from effective interventions and a general fragmentation of the criminal justice system are potential risks that could give rise to increasing crime levels [30] . Given that crime levelsparticularly youth crimehave reduced over the last two decades, it is therefore important that the overall performance of the criminal justice system is carefully monitored in a logical and consistent way and that the results used by those responsible for developing and implementing criminal justice policies.
Exploring the crime drop
Whatever the exact mechanism(s) involved, official data clearly suggests that the criminal justice system in England and Wales as a whole has been effective in reducing crime levels since the early 1990s [38] . In relation to youth justice reforms and policy, these post-1995 drops are linked to changes to policy following the Criminal Justice and Public Order Act 1994 and the Crime and Disorder Act 1998. The former impacted on the behaviour of young people specifically by restricting rights to silence, stopping illegal music gatherings (Braves^) and increased powers of stop and search (amongst others). The establishment of the Youth Justice Board and defined the principal aim of the youth justice system as 'to prevent offending by children and young persons' [39] . Additional measures, such as the Criminal Justice Act 2003 and the creation of Mult-Agency Public Protection Arrangements (MAPPA) have seen the implementation of a risk monitoring approach to assess offenders both pre and post release. Two key assessment tools were implemented, OASys (adult probation) and ASSET (youth justice board), to address risk of harm to both offenders and the public and, amongst other things, plan housing and monitoring and manage and disclose information where necessary. Despite criticismsparticularly on civil liberties grounds and/or particularly for youth offenders [30] the general success in terms of managing and reducing offending by formalised risk assessment tools and the subsequent behavioural interventions that they initiated has been one of the most fundamental changes to the criminal justice system in recent years [5] .
However, some of this impact has not been explicitly recognised due to the reliance on arguably out-dated and potentially inaccurate metrics such as the binary reoffending rate (BRR; see [40] ). The BRR in essence contains two groups: those offenders who continue to commit crime (Brecidivists^) and those that don't (Bdesisters^). The main limitation of using the BRR as a barometer for criminal justice performance is that it does not take into account reductions in offending frequency and/or the proportion of the population that are actual offenders [10] . Hence, it is possible that some extraneous factor may have been responsible for driving down offending rates over the 1995 to 2005 period; subsequently the increase in the probability of a crime being proven could be a direct result of the reduced offending rate caused by these extraneous factor(s). For example, if fewer offences are committed, criminal justice services (predominantly the police) may be able to focus more effort proportionately on each offence thus increasing the probability of individual offences being proven. Notwithstanding, it should be noted that the actual percentage of the population involved in criminal behaviour remained relatively constant throughout the 1995 to 2005 period. If some other anticriminogenic factor was indeed growing in influence over the period, we would also have expected this to have an impact on the proportion of the population engaged in criminal activity [41] . Furthermore, to date, attempts to correlate reduced crime rates with socio-economic factors such as employment rates have failed to identify any strong links [42, 43] . Hence, neither the BRR and/or the probability of a crime being proven are able to account for the post-2005 crime reductions, as both indices have remained relatively constant since this period.
The primary aim of the current analysis is to examine the role of youth offending in explaining the crime drop experienced in England and Wales since the mid-90s in two key stages. Firstly, the reduction in overall crime from 1995 to 2005 will be examined in respects to the probability of a crime being proven, where it is argued that the major falls in the adult offending rates were experienced. Secondly, the continued reduction in youth crime rates from 2005 onwards will be analysed in relation to both youth justice interventions and the knock on effect of a reduction in adult offending (see Fig. 1 ). Recent research from The Howard League for Penal Reform has shown that there has been an aggregate 54% fall in child arrests in the period 2010-2014 [44] . Indeed for some UK counties, the reduction was even more substantial; Dyfed-Powys in Wales experienced a 70% fall in arrest figures. Overall, the figures show a reduction in arrests from 245,763 in 2010 down to 112,037 in 2014, whereas the corresponding figures for the adult population are 1,386,000 to 1,041,000, a reduction of 25% [45, 46] . Hence, we can see more than double the percentage reduction in the juvenile arrest data and it is the significance of this for crime reduction policies that we seek to focus upon. By comparing two independent data sets, the estimated total number of crimes committed annually in England and Wales (adult and juvenile) has shown a decrease of approximately 55% since the mid 90s (see Fig. 2 below 1 ), independently of any particular socio-economic trends such as unemployment levels (see Raphael and WinterEbmer [47] , for a general review). Over the same period, the proportion of proven offenders that go on to commit further proven crimes within 12 months -also referred to as the binary proven reoffending rate (BRR) -has remained more or less constant (see Fig. 3 ). One additional variable that has also remained relatively static is the proportion of the population that are proven offenders, also referred to as the offending population ( Fig. 3 ). These combined observations have led to the assumption that the criminal justice system in itself has not contributed to the observed reductions in crime levels, but rather phenomenon such as changes in reporting practices have been far more influential [8, 48] .
Published data on the Criminal Justice system in England and Wales overwhelmingly refers only to proven crimes (i.e. crimes supported either by admission or a finding of guilt by a court) and proven offenders (i.e. those admitting/proven guilty of a crime). However, it is relatively naïve assumption that the number of proven crimes and proven offenders correspond directly to the actual number of crimes and offenders in the population respectively [49] . For example, Lloyd et al. [8] , estimate that only 3% of all offences ever result in a conviction and a recent report indicates that police recording of reported crimes was below 85% in some areas [50] . This caveat applies also to the published figures related to proven reoffending rates, including the binary proven reoffending rate and frequency of reoffending [11, 51] . Figure 3 (below) plots the relative stability of these two variables over the time series analysis. Henceforth, a more detailed understanding of the dynamics of the criminal justice system requires knowledge of actual numbers of crimes, number of offenders and actual offending rates along with estimations of the probability of crimes being proven [52] .
Whereas many previous attempts to explain the crime drop have focused upon aggregate data, the introduction of variance in the key predictor variables allows for a closer inspection of the interaction effects. Explicitly, the aim of this analysis is twofold: (1) To develop and improve understanding of the dynamics of populations resident in the criminal justice system in England and Wales; and, (2) To develop and improve our understanding of the factors that have driven down the volume of crime reported by the public in England and Wales since the mid 90s. In particular, we develop this analysis by separating adult and youth statistics to demonstrate the impact of youth justice policy in maintaining the downward trajectory of the latter group; the most recent reductions in crime rateswe argueare almost entirely due to a decrease in the youth offending population. 
Methodology

Definitions of key variables used in the analysis and their interrelationships
The population (P t ) is the number of individuals (aged 10 years or older) in England and Wales during a specified 12-month period (t). 2 In this analysis, specified 12-month periods run from 1st of April in any given year to 31st of March the following year as per official statistics data periods. The crime level (C t ) is the total number of crimes committed in England and Wales during the specified period. The proven crimes level (PC t ) during a specified period is the total number of crimes that are reported to the Police, followed up and proven (either by admission or by a finding of guilt in court).
Subsequently, the probability of a crime committed during a specified period being proven during any given year (B t ), is simply the ratio of the number of proven crimes (PC t ) to the total number of crimes (C t ), during the given year:
By definition, B t cannot be greater than 1 as this value is essentially independent of the characteristics of the individual that commits the crime. In other words, when an offender is detected the probability that other offences committed by the same offender will be detected is assumed to be unaffected, although in some instancesother crimes taken into consideration, for examplewe acknowledge that this assumption will not hold true. An offender is any individual aged 10 years and above 3 that has committed at least one crime during a specified 12-month period (t). A proven offender is an individual (aged 10 years or older) whom has -during the course of a specified 12-month periodhad one or more of the crimes that they have committed attributed to them during the specified period being proven.
The proven offending population (POP t ) is all the individuals classed as proven offenders during a specified 12-month period (April to March). Existing within the offending population (OP t ) is all the individuals who are classed as offenders during the specified 12-month period. Subsequently, within the offending population, a proportion (N t ) of the individuals will be proven offenders:
The offending frequency (OR t ) is the mean number of crimes committed per offender per year. By definition OR t cannot be less than 1. The mean offending frequency of the offending population is given by:
The proven offending frequency (POR t ) is the mean number of proven crimes committed per proven offender per year. Again, by definition, POR t cannot be less than 1.
The proven offending frequency of the population of proven offenders is given by:
Offenders in an offending population are distributed among n different offending frequency classes. Each offending frequency class contains OP t,x offenders who offend at a rate OR t,x :
During any given interval a proportion (BOR t ) of the individuals in the population will commit crimes:
Variable BOR is, therefore, the proportion of population whom are offenders, defined by the offending population (estimated) divided by the total population.
Estimating population data
It is possible to substitute these variables in each equation with estimated values from published data. The actual population (P t ) can be calculated directly from mid-year population tables for England and Wales published by the Office for National Statistics (see Table 1 ): there are approximately 65 million individuals living in England and Wales. The number of crimes (C t ) can also be estimated from published data. The Crime Survey for England and Wales (CSEW; formerly the British Crime Survey) provides an estimate of the number of crimes committed in England and Wales during any given year (v t ; See Table 2 ). This estimate is derived by asking a sample of the population if they had been the victims of any crimes during the given year. Certain crimes are by their nature excluded from the estimate (see Table 3 ), as they do not result in an identifiable individual victim. Police recorded crime includes all types of crimes and can therefore be used to provide an estimate of the proportion (g t ) of all crimes that are excluded from the CSEW. This proportion can be used to correct the estimate (v t ) and account for the crimes that 
Where r t is the total number of crimes recorded by the police and e t is the number of crimes recorded by the police that are not reported on in the crime survey. Therefore, the number of crimes (C t ) is estimated by:
Estimating the number of Proven Crimes (PC t )
Data published by the Ministry of Justice covering the period 2000 to 2012 ( [9] ; Table 3 ), provides an estimate of the proportion of the proven offenders during any given year whom will go on to reoffend within 12 months of their index disposal/event (o t ). The same data also includes estimates of the mean number of proven re-offences per proven offender committed in the 12month period after the index disposal/event (y t ). This allows us to estimate the mean number of proven re-offences committed per proven offender per 12-month period. 4 The total number of proven re-offences committed by all proven offenders during any given year (m t ) can therefore be estimated as follows: 4 Some of the index disposal linked crimes will have been committed in the year preceding the given year but these will be largely 'balanced' by index disposal linked crimes committed by proven offenders in the year subsequent to the given year. Explaining the crime drop: contributions to declining crime rates...
During any given year the index disposal of each proven offender is linked to one or more proven crimes. The total number of proven crimes linked to index disposals/ events (f t ) is given by:
Where j t is the mean number of proven crimes per index disposal/event. It is possible to estimate j t directly from published data ( Table 2 , [9] ). Over the 2009 to 2013 period, j t remained more or less constant from year to year (range 1.06 to 1.08) with a mean value of 1.064. The total number of proven crimes in any given year is then given by:
For the period 1988 to 1999 PC t can not be estimated in this way. For this period PC t has been estimated by using published data on detection rates (d t , the proportion of Police recorded crimes cleared up; (Crime in England and Wales 2009/10; Table 2 ).
PC t ¼ r t * d t
This method of estimating PC t may lead to an over-estimate, as not all crimes that are cleared up are 'proven', for example, those found not guilty or where no further action (NFA) is taken.
Estimating the number of Proven Offenders (POP t )
The MOJ define proven offenders as: B[…] the number of offenders that in any one year receive a caution (for adults), final warning or police reprimand (for young people), a non-custodial conviction (including fines and discharges) or who are discharged from custody or secure accommodation (young people only)^([10], p.3).
The disposal or event that resulted in an individual being classed as a proven offender during a given year is referred to as the Index disposal or event [53] . Data is available on the number of individuals that were supervised by probation and prison services annually for the years 1995 to 2005 [54] . For the years 2000 to 2005 there is a direct linear relationship between the number of individuals supervised and POP t (r 2 = 0.8487, Pr < 0.01). This relationship has been used to estimate POP t for the years 1995 to 1999.
Estimating Offending Population (OP t )
Combinatorics can be used to analyse the likelihood of two or more proven crimes being linked to the same proven offender. The following analysis assumes that the probability of a crime being proven is independent of which offender commits the crime.
Each of the C t crimes committed by the OP t offenders during the time interval t can be considered to be distinct elements of a collection of size C t (e.g. crime 1, crime 2,…, crime C t ). The proven crimes (PC t ) during an interval t can then be considered to be a sample of this collection, with the size of sample being PC t . Such a sample might contain for example 3 proven crimes (e.g. crime 4, crime 10, crime 42).
The total number of possible combinations (Com) of distinct proven crimes in a sample of size PC t is:
The number of these combinations that include w distinct or particular elements (e.g. 3 particular crimes linked to a particular offender) is given by:
The probability (Pr w ) that a sample will contain w distinct or particular elements (e.g. 3 crimes linked to a particular individual offender) is given by:
Pr w is dependent on the size of the sample relative to the size of the collection i.e. the proportion of the collection sampled or the proportion of crimes that at proven (see Fig. 4 ). Pr w is independent of collection size (C t ). Note that the proportion of crimes that are proven is equal to B t . This analysis demonstrates that even if the original collection of C t crimes contains sets of multiple crimes committed by particular offenders, providing B t is less than 0.1, it is very unlikely that the sample of proven crimes (PC t ) will contain more than 1 crime linked to any particular offender. Under these circumstances POP t will increase in direct proportion to sample size (equivalent to B t ) up the point at which the sample size (or B t ) is sufficient to contain all the offenders in the population. At this point POP t will equal OP t and the number of proven offences per offender (POR t ) will be 1. After this point increasing sample size will have no effect on POP t but POR t will continue to increase 100% of crimes proven 90% of crimes proven 80% of crimes proven 70% of crimes proven 60% of crimes proven 50% of crimes proven 40% of crimes proven 30% of crimes proven 20% of crimes proven 10% of crimes proven Fig. 4 Effect of sample size (or the proportion of crimes that are proven) on the probability of the sample containing 1 or more, 2 or more, 3 or more ....... 10 or more proven crimes comitted by the same offender above 1. The point at which the sample size or B t is sufficient to contain all the offenders in the population depends on the mean offending rate (OR t ) of the offending population. If OR t is 100 offences per offender when B t is 0.01 it is highly probable that at least one of the offences committed by each offender will have been proven. Likewise if OR t is 20 offences per offender when B t is 0.02 it is highly probable that at least one of the offences committed by each offender will have been proven (see Fig. 5 ). From the above, it can be established that if B t is less than 0.1 and POR t is greater than 1, POP t will be a reasonable estimate of OP t . Estimates of B t and POR t derived from published data indicate that for the offending population in England and Wales over the period in this study, B t was less than 0.1 (min 0.050, max 0.096) and POR t was always greater than 1 (min 1.800, max 2.411).
Separation of adult (18+ years) and youth (10 to 17 years) populations
Published data on the criminal justice system in England and Wales provides information on both the youth and adult populations (MOJ, 2013; see Table 2 ). This allows the analysis to be applied separately to the different populations. In order to achieve this, it is assumed that B t (the proportion of crimes proven) and j t (mean number of proven crimes per index disposal/event) are the same for both adult and youth populations. Given this assumption the number of proven crimes committed by youths (PC t,j ) can be estimated as follows: And the total number of crimes committed during a given interval t by youths (C t,j ) are given by:
Similarly for the adult population:
And the total number of crimes committed during a given interval t by adults (C t,a ) 5 are given by:
Individual analysis of the youth and adult population will only been carried out for the 2000 to 2013 period as relevant data is not available prior to this period.
Sensitivity analysis
Whilst the actual values of C t have been estimated from crime survey and police recoded crime data, any ambiguity has a number of elements, including possible errors in the estimate of j t which has also been estimated from published data for the 2009 to 2013 period ( Table 2 ). 6 Errors in the estimate of C t values will affect estimated values of other variables derived from C t (including B t , OR t , and OP t ). There is also some uncertainty around the estimated values of PC t . Variations in the estimate of this variable will affect estimated values of variables derived from PC t (including B t and POR t ). Finally there is some doubt about the values of POP tparticularly for the period 1995-99which has been estimated from available data on the number of individuals supervised by probation and prison services over the period (s t ). Variations in the estimate of this variable will affect estimated values of variables derived from POP t (including OR t, N t , and POR t ). In order to determine how sensitive the analysis is to errors in estimated values of C t , PC t and POP t, the analysis was repeated with values for these variables over the whole 1995 to 2012 period modified ± 10% in order to determine maximum and minimum values of other derived variables.
Results
Between 1988 and 1995 the estimated actual number of crimes committed annually in England and Wales (C t ) increased steadily. The crime level peaked in 1995 at around 27.5 million crimes annually (Fig. 6) . Between 1995 and 2015, the number of crimes committed annually fell to around 9.3 million (equivalent to 18.2 million less crimes each year).
Over the 1995 to 2005 period the estimated probability of a crime being 'proven' in England and Wales (B t ) almost doubled, increasing from 0.05 to 0.09 (Fig. 7) . After 2008 the probability of a crime being proven remained more or less constant at around 0.09. Note that variations in the estimated values of C t and PC t had no effect on these trends.
Over the 1995 to 2008 period the estimated mean offending frequency of the offending population in England and Wales (OR t ) decreased from around 40 to 20 crimes per offender per year (Fig. 8) . Between 2008 and 2015 the mean offending frequency remained more or less constant at around 20 offences per offender per year. These trends in OR t were very similar for both adult and youth offending populations and were unaffected by variations in C t and POP t .
Over the 1995 to 2008 period the estimated proportion of the population of England and Wales that were offenders (BOR t ) increased slightly from 0.012 to 0.015 ( Fig. 9 ). However, the proportion of the youth population that were offenders declined markedly between 2007 and 2015, from 0.038 to 0.007. A similar but less pronounced decline was observed for the adult population post 2008. Note that these trends were unaffected by variations in Ct and POP t estimates nor was there a discernible relationship between the probability of a crime being proven and the proportion of the population (adult or youth) that were offenders. The estimated size of the total offending population (OP t ) increased steadily over the 1995 to 2008 period, increasing from 500,000 to 600,000 ( Fig. 9 ), which can largely be explained by the increase in the size of the general population over this period (see Table 2 ). The rise was more marked for adults and most of the growth in general population size over this period was due to an increase in the adult population; the youth population size remained more static (see Table 2 ). Since 2008, the number of offenders has started to decrease, with this effect most evident for the youth population. It is important to note that the identified trends were unaffected by variations in the estimated values of C t and POP t .
The proven offending frequency of proven offenders (POR t ) decreased slightly over the 1995 to 2008 period, from around 2.4 to 1.8 proven crimes per proven offender per year (Figs. 10, 11 ). Subsequently POR t has remained more or less constant. These trends mirror changes in the estimated offending frequency of offenders (OR t ) over the same period (Fig. 8 ), but changes in the absolute value of POR t are an order of magnitude less than changes in ORt. These trends in POR t are unaffected by variations in the estimated values of C t and OR t . The increases in the annual number of offences between 1988 and 1995 (from 19,542,750 to 27,134,780 offences annually) and the reduction in annual number of offences between 1995 and 2008 (from 27,134,780 to 15,355,620 offences annually) can be attributed mainly to variations in the offending rate. Specifically, over the 1995 to 2008 period, the offending rate decreased from 45.74 to 20.19, which accounts for a total of over 15 million less offences or a 129% decrease in offences over this period. However, the number of offences did not decrease by the same proportion due to the number of offenders actually increasing over the period and thereby offsetting any potential reduction. There is a close inverse relationship between the offending rate of offenders (offences per offender per year -ORt) and the probability of an offence being proven (Fig. 12) . The increase in the offending rate over the 1988 to 1995 period is closely linked to the decrease in the probability of an offence being proven over this period (Fig. 8 ). Likewise the reduction in the offending rate over the 1995 to 2008 period is closely linked an increase in the probability of an offence being proven over this period. Thus, most of the variation in the annual number of offences over the 1988 to 2008 period can be accounted for by variations in the probability of offences being proven.
The above does not, however, apply over the 2008 to 2015 period, as the offending rate varied little from year to year (20.19 in 2008 and 19.5 in 2015; see Fig. 8 ). The reduction in the offending rate over this period can only account for 522,438 less offences (9% of the actual reduction). Over the 2008 to 2015 period, most of the reduction in the annual number of offences is due to a decrease in the number of offenders (OP t ) which decreased from 760,676 to 477,393. Probability of an offence being proven (B t ) Fig. 12 Inverse relationship between the probability of an offence being proven (B t ) and the offending rate of offenders (OR t ) changes in reporting practices [55] . However, the rate of decline has slowed considerably and indeed the most recent figures for 2015 suggest a slight increase in overall recorded crime for the first time in nearly two decades (MOJ, 2017). The analysis presented here for England and Wales demonstrates that, since 2005, the reductions have in fact been largely accounted for by a reduction in the youth offending population (see Fig. 1 ; [56] ). By comparison, the adult offending population has remained more or less static for the last decade. The results have important implications for understanding, not only the way in which crime/offending rates are recorded, but also the impact of crime reduction initiatives. The overall reduction in the number of offenders over the 2005 to 2015 period is closely linked to a significant reduction in the proportion of the youth population that offends in any given year (see Fig. 9 ). In total, 45% of the reduction in offences over the 2005 to 2015 period was predominantly attributable to a reduction in offending by young people [56] . In addition, the number of youth offenders appears to have contributed to a 'knock on' effect on the number of adults offending in subsequent years: the overall reduction in adult offenders over the period can be predicted by reducing year on year the number of adult offenders by the decline in the number of youth offenders relative to the previous year (see Figs. 1 and 13 ; [57, 58] ). In essence, this is the outcome of young people not offending [when young] and then subsequently did not go on to offend as adults [59] . The empirical support for this proposition (see Fig. 1 ) is the proportion of the youth population offending starting to contract in 2005.
One key opinion supported by this analysis, is the suggestion that the binary proven reoffending rate tells us very little about the actual dynamics of the criminal justice system in England and Wales. Binary reoffending rates are largely insensitive and independent to major trends being observed in published data (see Fig. 2; [8] ). Therefore, there is a case to be made for not relying upon the binary offending rate in order to assess the performance of the criminal justice system and its individual agencies [60] . For example, the mean offending frequency of an offending population and the actual number of crimes committed by that population could reduce by 90%, but so long as each offender in the population continues to offend at a frequency high enough to ensure that at least one of their crimes will be proven, the binary offending rate will remain static [61] . The binary reoffending rate also fails to register changes in the actual proportion of the population committing crime as well as being sensitive to changes in the probability of crimes being proven. Subsequently, any increase in the probability of offences being proven could easily lead directly to an apparent increase in the binary reoffending rate. Recent data from the MOJ (2017) indicates a 1.9% increase in the binary reoffending rate for juveniles in the past 12 months and 3.8% increase since 2003. The corresponding figures for the adult population are small increase of 0.2% and a fall of 1.7% in the longer term. Hence, we can see that although the binary reoffending rate for the youth population has increased, the size of the cohort has decreased by over 60% since 2005 (see Fig. 1 ).
Limitations and implications
The main limitation inherent to all analyses of the type undertaken here are that the use of official statistics is marred by underreporting and various counting anomalies [11, 48] ; this is particularly so for youth crime and youth victimisation [62] . Broad trends in the data are always of interest to policy makers and practitioners as evidence of effective interventions. However, large data sets are unable to identify causality and it is always possible that an extraneous variable(s) could account for the observed trends [60] . Similarly, analysis of aggregated data can lead to different outcomes when compared with other sources [63] , and mask varying geographical variations [64] . Given the large variability in youth justice practice in the UK in recent years, these localised disparities may require further analysis to ascertain the full picture of the youth offending population [65] . We clearly only know about the crime committed by young people when they have been caught; we simply don't know what proportion of unsolved crime is committed by young people [16] . Other crime types, such as cyberbullying, are likely to be experienced more by young people, but vastly underreported. Many crimes committed by young people towards other young people, including assault and theft, are much more likely to be dealt with by parents, teachers etc., if reported at all [66] . The second limitation is being able to link the proposed changes in policy to actual observed reductions in crime. To be able to map policy changes to macro outcomes without controlling for the many extraneous variables is an ambitious undertaking. Indeed, several previous analyses have provided plausibleeven competingaccounts of the crime drop that began back in the mid-90s. For example, it has been suggested that the extensive worldwide dissemination of smartphones and online games since 2006/07 has led to children and young people spending a lot of their free time 'looking at screens'; the subsequent visibility of young people 'on the streets' could therefore explain the youth crime drop seen in many countries since 2007 [67] . However, such a finding does not explain the observed pre-2007 reductions in youth crime. Similar explanations such as the 'abortion-crime' link (see [68] ) or the decline of the crack epidemic [69] , have also failed to account for longer-term trends or be applicable to different countries that experienced similar phenomenon [55, 70] . It can be argued that the application of diversionary practices that seek to minimise the contact of young people with the potentially criminalising effects of the youth criminal justice system can result in reduced youth crime [30, 71] .
Conclusion
Discussions in both policy and academic literature have attempted to explore several avenues in providing a convincing account for the relatively large and persistent falls in recorded crime in England and Wales [61, 72] . The analysis conducted here suggests that the major driver behind these figuresfrom around 1995 and the subsequent decadewere largely attributed to the probability of a crime being proven. The introduction of the Criminal Justice and Public Order Act 1994 and the Crime and Disorder Act 1998 would appear to be critical policy shifts that correlate with these observed reductions. From 2005, there was a general stability in the adult offending population/offending frequency, but the crime rate continued to fall. Our analysis suggests that this is directly linked to a decrease in the youth offending population following various policy initiatives designed to address youth crime and anti-social behaviour, such as the National Strategy for the Policing of Children and Young People [73] and a move towards welfare-based approaches for lower level youth offending [17, 34] . In addition, the Criminal Justice Act 2003 and MAPPA are key drivers of change in the way offending behaviour is managed and recorded. Investment in youth justice welfare and diversion initiatives has the potential to not only reduce youth offending in the short to medium term, but also moderate the number of young people that later go onto become adult offenders [74] . The importance of these reductions demands the continued and targeted funding of appropriate services [65] , despite the current climate of austerity and recent calls to shift away from the causes of offending, vulnerability and diversion.
Appendix Table 4 Variables and parameters used in the analysis 
